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Background
In pediatric practice, increasing attention has been re-

cently paid to the study of allergic disorders in various parts 

of the gastrointestinal tract [1–3]. According to an estimate 

from the national administrative database of the United 

States of America, published in the Journal of Pediatric Gas-

troenterology and Nutrition in 2016, the prevalence of eo-

sinophilic gastritis amounted to 6.3 cases, and eosinophilic 

gastroenteritis — 8.4 cases per 100 thousand population. 
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Among children of early and preschool age, eosinophilic 

gastroenteritis had the highest prevalence, whereas the in-

cidence of eosinophilic gastritis was higher in older chil-

dren [4]. Diagnosis of eosinophilic gastroenteritis is a rather 

time-consuming task for practical medicine due to the lack 

of uniform standardized diagnostic algorithms and specific 

clinical criteria, as well as insignificant information value of 

allergological examination due to IgE-independent mecha-

nism of inflammation, which, in turn, requires the search 
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for additional immunological studies to verify the diagnosis 

of food allergies [5].

The pathophysiological mechanisms underlying diffe-

rent types of food allergy reactions have significant diffe-

rences [6, 7]. Eosinophilic gastroenteritis is an idiopathic 

inflammatory lesion of the gastrointestinal tract that belongs 

to a mixed type of allergic reactions due to IgE- and cell-

mediated (IgE-independent) mechanisms and is characte-

rized by eosinophilic infiltration of the stomach and/or in-

testine. At the present stage, IgE-mediated allergic reactions 

induced by dietary proteins remain the least studied. One of 

the approaches to their understanding is the stimulation of 

T helper (Th) mechanisms with the participation of effector 

immune cells — lymphocytes, which cause the production 

of proinflammatory cytokines — interleukins (IL) 4, 5, 13 

and promote the migration of eosinophils into the stomach 

and intestine. The IgE-independent immune response may 

also be accompanied by mast cell activation [8].

As can be seen from Fig. 1, during the initial entry of a 

food allergen into the body, for example, orally, by inhala-

tion, or percutaneously, there is a presentation of antigenic 

determinants of the allergen by sensitive cells (e.g., den-

dritic). This, in turn, activates T helpers and stimulates the 

functional activity of B lymphocytes in local lymph nodes, 

as well as the triggering mechanisms of immune tolerance 

or sensitization. Dendritic cells play a leading role in this 

process. During tolerance formation, an important place 

belongs to retinoic acid and the production of anti-inflam-

matory cytokines IL-10 and transforming growth factor β, 

which affects the formation of tolerogenic Treg cells. In 

turn, B cells can produce sIgA, which neutralizes antigenic 

epitopes. In the absence of conditions necessary for the in-

duction of tolerance, sensitization by food allergens occurs. 

This releases epithelial cytokines: IL-33, thymic stromal 

lymphopoietin, and IL-25, which indirectly stimulate the 

differentiation of Th0 by Th2 type. The formed Th2 cells 

secrete a number of cytokines of allergic inflammation, such 

as IL-5, which is responsible for eosinophil сhemotaxis, as 

well as IL-4 and IL-13. Specific IgEs bind to high-affinity 

Fc  receptor I (Fc RI) on the surfaces of basophils and mast 

cells. Upon further contact with food allergen, activation 

and degranulation of these cells occur with the release of 

anti-inflammatory factors. Studies show that a food allergen 

entering the circulatory system leads to the formation of an 

immune response. This ensures the implementation of IgE-

induced allergic immune response [6, 9, 10].

Histopathological examination of gastric and duode-

nal samples plays a crucial role in the diagnosis of eosino-

philic gastroenteritis and should be based on the detection 

of eosinophilic mucosal infiltration. There is no generally 

accepted threshold for the number of eosinophils because 

under normal conditions they are present in the wall of the 

gastrointestinal tract. The most acceptable indicator is the 

number of eosinophils exceeding 20 cells in the field of view 

in at least one biopsy sample. However, these data do not 

take into account the age of the patient and the segment of 

the digestive tract, whereof the biopsy was taken.

Thus, given the complex cascade of immune responses 

in patients with a suspected food allergy, morphological 

evaluation of gastrointestinal mucosa biopsy specimen re-

mains the gold standard, along with clinical history and 

provocation and elimination measures, which determines 

the relevance of the study of endoscopic and morphological 

characteristics, manifestations of allergic hypersensitivity 

against the background of food consumption.

The purpose of our research was to study the endoscopic 

and morphological changes of the upper gastrointestinal 

tract in children with gastrointestinal symptoms of food hy-

persensitivity.

Materials and methods
The study enrolled 34 children aged from 6 to 15 years 

with clinical signs of disorders of the upper gastrointesti-

nal tract, represented by gastroesophageal reflux disease, 

chronic gastritis, and duodenitis against the background of 

food hypersensitivity reactions, with the voluntary consent 

obtained from parents. The basis for the selection of respon-

dents in this study was the presence of significant clinical 

and anamnestic data that suggest the suspicion of food al-

lergies and, therefore, the positive results of allergy tes ting. 

Depending on the level of total IgE, participants were di-

vided into two groups. The first group consisted of 18 chil-

dren with IgE-independent allergic reactions to food (Me 

(Q1-Q3) 35.0 (28.0–77.5)). The second group included 16 

patients with IgE-induced allergic manifestations of food 

hypersensitivity (Me (Q1-Q3) 240.5 (158.0–475.8)). To 

achieve the aim of the research, all children underwent fi-

broesophagogastroduodenoscopy with subsequent sampling 

from different parts of the esophagus, stomach, and duode-

num, as well as morphological evaluation of biopsy speci-

men. Fixation of the obtained material was performed in a 

10% solution of neutral formalin, followed by histological 

sample preparations according to standard methods. Sec-

tions were stained with hematoxylin and eosin. The num-

ber of eosinophils was calculated based on the threshold 

diagnostic criteria depending on the digestive tract segment, 

specified in the works of many researchers [11–14] in five 

random high-power fields (HPF), which is a morphological 

criterion of an allergic reaction. Microscopic examination 

of stained histological specimens was performed on a light 

microscope MICROmed XS-3320 (Ningero Sheng Heng 

Optics and Electronics Co.) with 100×, 200×, 400× magni-

fication.

Statistical analysis of the results was made using Micro-

soft Excel 2010 software. The arithmetic mean of the num-

ber of eosinophils and their standard deviation were calcu-

lated. The relationship between eosinophil count and serum 

IgE levels was assessed using nonparametric Spearman’s 

and Kendall’s correlation coefficients (r). The relation-

ship between the studied parameters was identified as weak, 

moderate, and strong if the correlation coefficient was in the 

range of 0.01–0.29, 0.3–0.69, and 0.70–1.0, respectively. 

All indicators were considered reliable at a value of p  0.05.

Results and discussion
The results of endoscopic examination of patients in 

our study (Table 1) show that the structure of lesions of 

the upper gastrointestinal tract depending on the predomi-

nance of IgE-independent or IgE-mediated gastrointesti-

nal symptoms of food hypersensitivity had no statistically 
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significant differences in the study groups. The distribution 

of endoscopic forms such as gastritis and duodenitis was 

almost uniform and was 94.4 % in group 1 versus 100 % 

in group 2 in the first case, and 44.4 against 50.0 % with 

inflammatory changes in the duodenum. It should be noted 

that among patients with IgE-independent manifestations 

of food hypersensitivity, in some cases there were erosive 

(5.5 %) and ulcerative (5.5 %) defects of the gastric and 

duodenal mucosa, which is comparable to data from other 

researches [15]. The predominance of destructive changes 

in the mucous membrane can be explained by the long-

term course of gastrointestinal symptoms, which causes the 

chronicity of the inflammatory process through the links 

of cell-mediated mechanisms of allergy formation [16]. In 

addition, patients of this population had more frequent, as 

compared to children of group 2, motor dysfunctions of the 

cardiac and pyloric regions of the stomach, manifested by 

gastroesophageal (16.7 %) and duodenogastric (44.4 %) re-

flux. A characteristic feature of children with IgE-induced 

food hypersensitivity reactions was a higher level of Helico-

bacter pylori infection — 75 against 61.1 % in patients from 

group 1, which does not contradict the data from other re-

searches [17]. Analysis of the literature provides data on the 

prevalence of organic changes in the gastrointestinal tract 

among 46–78 % of children with food allergies, whereas 

functional disorders are diagnosed in almost all patients 

[18, 19].

It should be noted that endoscopic examination did not 

reveal any inflammatory changes of the esophageal mucosa 

in the form of esophagitis. However, in 3 (16.7 %) children 

of group 1 and 1 patient (6.3 %) with elevated levels of total 

IgE, we registered a decrease in esophageal pH < 4, which 

in combination with typical clinical symptoms gave grounds 

for the diagnosis of gastroesophageal reflux disease without 

esophagitis. According to the results of microscopic stu dies, 

eosinophilic infiltration in the mucous membrane of the 

esophagus was not detected. This can be explained by the 

structural and morphological features of the mucous mem-

brane of this organ and the impossibility of sampling, tak-

ing both the mucous and submucosal layers for the entire 

thickness.

Microscopic examination of gastric biopsy specimen in 

group 1 of children showed preservation of the structure of 

the mucous membrane with dystrophic changes of the epi-

thelium and signs of chronic inflammation. The lamina pro-

pria was represented by loose connective tissue, which spo-

radically had moderate cellular infiltration, represented by 

lymphocytes, neutrophils, macrophages, plasma cells, and 

eosinophils. Some eosinophils were in a state of degranula-

tion (Fig. 2).

Besides, it should be noted that in 17 (94.4 %) cases, a ra-

tio of neutrophilic granulocytes, plasma cells, and lympho-

cytes was uniform, which probably indicates the activation 

of the inflammatory process. This was clinically manifested 

by signs of exacerbation of chronic gastritis. Calculation of 

the median distribution of eosinophils, which were a part of 

the inflammatory infiltrate of the gastric mucosa in children 

with non-IgE-mediated food hypersensitivity reactions, 

showed their wide fluctuations in the antrum with an ave-

rage value of 20.94 ± 1.82 in HPF.

Although the obtained data were significantly lower 

compared to the children with elevated IgE levels, the study 

found a moderate correlation (Fig. 3) between total IgE 

content and the number of eosinophils in the inflammatory 

infiltrate of the gastric mucosa (r = 0.522; p < 0.01), which 

can be explained by the fact that these changes belong to the 

delayed-type allergic reactions and by the absence of lower 

normative values of immunoglobulin E in children of dif-

ferent ages.

Microscopic examination of the duodenal mucosa in 

this group of patients showed the preservation of its histo-

logical structure with a clear differentiation of the mucosa 

and submucosal layer. The mucous membrane had a well-

defined villous surface. Intestinal villi were represented by 

finger-shaped protrusions of loose connective tissue, co-

vered with a single layer of prismatic epithelium. A thin 

Table 1. Characteristics of lesions in the upper gastrointestinal tract of children depending on IgE-positive 

or negative status, abs. (%)

Features of gastrointestinal lesions

Pathology of the upper gastrointestinal tract (n = 34)

IgE-independent food 

hypersensitivity reactions

Group 1 (n = 18)

IgE-mediated food hypersensitivity 

reactions

Group 2 (n = 16)

Endoscopic changes of the upper gastrointestinal tract

Chronic gastritis 17 (94.4) 16 (100)

Chronic duodenitis 8 (44.4) 8 (50.0)

Duodenal ulcer 1 (5.5) 0 (0)

Motility disorders of the upper gastrointestinal tract

Gastroesophageal reflux 3 (16.7) 1 (6.3)

Duodenogastric reflux 8 (44.4) 6 (37.5)

Helicobacter pylori infection

Positive 11 (61.1) 12 (75.0)

Negative 7 (38.9) 4 (25.0)
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Figure 1. An outline review of sensitization and immunological response in contact with food allergens [9]

Figure 2. The mucous membrane of the gastric 

antrum in a child from group 1 with clinical 

manifestations of food hypersensitivity and normal 

levels of total IgE. Hematoxylin and eosin staining, 

400× magnification

Figure 3. The ratio of IgE levels 

and the number of eosinophils in the gastric 

mucosa of children with non-IgE-mediated food 

hypersensitivity reactions
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layer of mucus was determined on the surface of the mu-

cous membrane. It should be noted that only 8 (44.4 %) 

children of this group demonstrated severe signs of an ac-

tive inflammatory process, manifested by severe edema of 

the intestinal villi with varying degrees of inflammatory 

cell infiltration, represented by lymphocytes, plasma cells, 

and segmental leukocytes with a small number of eosino-

phils. In addition, the same changes were observed in the 

submucosal base of these patients, but they were more pro-

nounced compared to the mucous membrane, and the cel-

lular composition included a higher number of eosinophils 

(Fig. 4).

The number of eosinophils in biopsy samples of the duo-

denal mucosa in this group of patients averaged 22.56 ± 3.04 

in HPF (min = 4.0; max = 54.0). In addition, there is an 

uneven distribution in the mucous membrane with their 

predominant accumulation in some areas and the absence 

or single location in others. The obtained data indicate no 

statistically significant correlation between total IgE levels 

and eosinophil counts in the duodenal mucosa of patients 

with IgE-independent gastrointestinal symptoms of food 

hypersensitivity (r = 0.291; p > 0.05).

Microscopic examination of gastric biopsy samples in 

the group of children with IgE-induced manifestations of 
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food hypersensitivity showed preservation of the histologi-

cal structure of the stomach, but all (100 %) subjects had 

the signs of chronic inflammation. Comparing the histo-

logical presentation in the previous group, we have found 

more pronounced signs of pathological changes. There was 

no clear differentiation of cell pools as a result of the ab-

sence of mucous secretion in the apical part and the pres-

ence of dystrophic changes. On the surface of the mucous 

membrane, the mucus layer was either thin or completely 

absent. Desquamation of single epithelial cells or their layers 

was observed.

In all cases, there was a pronounced polymorphonuclear 

inflammatory infiltration in the lamina propria with a pre-

dominance of lymphocytes and plasma cells and a relatively 

small number of neutrophils, eosinophils, and macrophages. 

Diffuse inflammatory infiltration spread to the entire thick-

ness of the lamina propria (Fig. 5). In addition, there was 

an uneven repletion of blood vessels, predominantly venous-

capillary plethora with perivascular edema and diapedetic 

hemorrhages.

It should be noted that in some cases there was a pro-

nounced eosinophilic infiltration with focal accumulation 

and severe edema of the stroma in these areas. Determina-

tion of the number of eosinophils in the five high-power 

fields showed that in patients with IgE-mediated allergic 

reactions to food it averaged 39.06 ± 3.91 in HPF, with sig-

nificant fluctuations in some patients, which was statisti-

cally significantly higher than in group 1 (p < 0.01). There 

was a moderate correlation (Fig. 6) between total IgE and 

the number of eosinophils in the gastric mucosa (r = 0.652; 

p < 0.01).

When studying duodenal biopsy specimen in this 

group of patients, we found that only half of the children 

had severe signs of inflammation. Histologically, this was 

manifested by deformation of the microvilli of the mu-

cous membrane due to severe swelling of their stroma. 

They were thickened and had folds and protrusions, but 

their epi thelial lining was preserved. A large amount of 

mucus containing desquamated enterocytes was detected 

on the surface of the villi and in the depth of the crypts. 

The stroma of microvilli had a pronounced inflammatory 

infiltration with predominance of lymphocytes and plasma 

cells and an admixture of a relatively small number of oth-

er cells. Dystrophic processes were observed in the acinar 

parts of the duodenal glands. Among the inflammatory in-

Figure 4. Microscopic changes in the submucosal 

base of the duodenum in a child from group 1 with 

clinical manifestations of food hypersensitivity and 

normal IgE levels. Hematoxylin and eosin staining, 

400× magnification

Figure 5. Morphological changes of the mucous 

membrane of the gastric antrum in a child with food 

allergy and elevated levels of total IgE. Hematoxylin 

and eosin staining, 100× magnification

Figure 6. The ratio of IgE levels and the number 

of eosinophils in the gastric mucosa of children 

with IgE-mediated food hypersensitivity reactions
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Figure 7. Microscopic changes in the submucosal 

base of the duodenum in a child with food allergy 

and elevated levels of total IgE. Hematoxylin 

and eosin staining, 400× magnification
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filtrate cells, eosinophils constituted a significant number. 

In addition, eosinophilic granules were detected extracel-

lularly (Fig. 7).

The number of eosinophils in duodenal biopsy speci-

men of patients with IgE-induced gastrointestinal symp-

toms was 1.5 times higher compared to samples in the 

group of children with food hypersensitivity with normal 

IgE levels (p < 0.05) and averaged 33.63 ± 4.28 in HPF 

(min = 11.0; max = 61.0). However, no correlation was 

demonstrated between total IgE and the number of duo-

denal eosinophils in patients of this group, which can be 

explained by the lower proportion of verified duodenitis in 

both groups.

Thus, the results of the endoscopic examination de-

monstrated that the lesion of the gastric and duodenal 

mucosa had no specific signs that would indicate food hy-

persensitivity. These data are confirmed by studies of some 

authors and indicate the need for histological examination 

[20]. However, despite this fact, there is a constant search 

for macroscopic changes in the mucous membrane of the 

gastrointestinal tract and their justification in terms of cli-

nical, laboratory, and microscopic data, and it is proposed 

to take into account a number of features that are statis-

tically significant [21, 22]. Therefore, currently, mucosal 

biopsy is a reliable diagnostic method for the detection of 

characteristic changes and eosinophilic infiltration [23]. 

At the same time, this method is traumatic and has dis-

advantages for its application in pediatric practice. There-

fore, the search for and optimization of the diagnosis of 

food allergies in children according to clinical and labora-

tory data is an urgent problem of today, which requires a 

comprehensive study [24]. We attempted to determine the 

relationship between total IgE levels and the severity of eo-

sinophilic infiltration in the gastric and duodenal mucosa. 

The identified changes indicate that in children with IgE-

mediated allergic reactions to food, along with pronounced 

morphological signs of chronic gastritis, there was a greater 

number of eosinophils, which were a part of the inflam-

matory infiltrate in the gastric antrum and the duodenum, 

compared to patients without IgE-mediated allergic reac-

tions. There is a relationship of varying strength between 

the severity of eosinophilic infiltration in the gastric and 

duodenal mucosa and the level of total IgE.

Conclusions
The isolated gastric lesions prevailed in the endoscopic 

presentation of children with gastrointestinal manifestations 

of food allergy, whereas the morphological signs of chronic 

gastritis are characterized by changes in the surface epithe-

lium due to pronounced polymorphonuclear inflammatory 

infiltration in the lamina propria with a predominance of 

lymphocytes, neutrophils and plasma cells. The degree of 

activity of the eosinophilic inflammatory process was more 

pronounced in the group of children with IgE-induced food 

hypersensitivity reactions (r = 0.652; p < 0.01). At the same 

time, for the final verification of allergic gastrointestinal 

lesions in patients with normal IgE levels, a combined his-

tological evaluation of biopsy samples with immunological 

markers of atopy is required taking into account clinical and 

anamnestic data.
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Резюме. Актуальність. Останнім часом в педіатричній 

практиці все більше уваги приділяється вивченню алергіч-

них уражень різних відділів шлунково-кишкового тракту, 

а ряд невирішених питань стосовно проблем своєчасної 

діагностики та лікування еозинофільних уражень органів 

травлення обумовлює актуальність цієї тематики. Мета: 
вивчити ендоскопічно-морфологічні зміни верхніх відділів 

шлунково-кишкового тракту в дітей із гастроінтестиналь-

ними симптомами харчової гіперчутливості. Матеріали та 
методи. У дослідженні взяли участь 34 дитини віком від 6 до 

15 років із клінічними ознаками ураження верхніх відділів 

травного тракту на тлі реакцій харчової гіперчутливості. За-

лежно від рівня загального IgE учасники дослідження були 

розподілені на дві групи. Першу групу становили 18 дітей з 

IgE-незалежними алергічними реакціями на їжу (Me (Q1-

Q3) 35,0 (28,0–77,5)). До другої групи було включено 16 па-

цієнтів з IgE-обумовленими алергічними проявами харчової 

гіперчутливості (Me (Q1-Q3) 240,5 (158,0–475,8)). Для досяг-

нення поставленої мети всім дітям було проведено фіброезо-

фагогастродуоденоскопію з подальшим забором матеріалу та 

наступною морфологічною оцінкою біоптатів. Результати. 
Згідно з результатами ендоскопічного обстеження пацієн-

тів, структура уражень верхніх відділів шлунково-кишково-

го тракту залежно від переважання IgE-незалежних чи IgE-

опосередкованих гастроінтестинальних симптомів харчової 

гіперчутливості не мала статистично значущих відмінностей. 

Морфологічні характеристики мали певні відмінності в до-

сліджуваних групах й характеризувалися превалюванням 

еозинофільної інфільтрації в дітей з IgE-обумовленими реак-

ціями харчової гіперчутливості. Висновки. В ендоскопічній 

картині дітей із гастроінтестинальними проявами харчової 

алергії переважають ізольовані ураження шлунка. Мор-

фологічні ж ознаки хронічного гастриту характеризуються 

змінами покривного епітелію за рахунок вираженої полі-

морфноклітинної запальної інфільтрації у власній пластинці 

слизової оболонки з переважанням лімфоцитів і плазмоци-

тів та порівняно меншою кількістю нейтрофілів, еозино-

філів та макрофагів. При цьому активність еозинофільно-

го запального процесу була більш вираженою в групі дітей 

з IgЕ-обумовленими реакціями харчової гіперчутливості 

(r = 0,652; р < 0,01).
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